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Abstract— The configuration Permanent Magnet Synchronous 
Generator (PMSG) with diode bridge is frequently used in 
small Wind Energy Conversion Systems (WESC) thanks to its 
reliability and low cost. In order to perform a sensorless 
Maximum Power Point Tracking (MPPT), a suitable method 
consists of imposing the relationship between the dc current 
and the dc voltage in optimum operation. However, this 
strategy requires having knowledge of the system parameters, 
which are inaccurately known and can vary in real 
applications. Thus, optimum curve is not precisely obtained, 
leading to power losses. This paper evaluates to what extent the 
power is reduced due to parameter errors. It is shown how the 
power can be drastically decreased due to some parameter 
variation whereas it is not affected by others such as the 
resistance, which can then be neglected in order to simplify the 
model. Simulation results for an actual wind profile validate 
the theoretical analysis. 
 
Index Terms—Diode bridge, MPPT, PMSG, robustness 
analysis, sensorless control, variable speed wind generation. 
I. INTRODUCTION 
Wind capacity is growing very quickly thanks to its 
increasingly competitive prices. During 2012, almost 45 GW 
began operation and from the end of 2007 through 2012, 
annual growth rates of cumulative wind power capacity 
averaged 25% [1]. 
Regarding small turbines, more than 21,000 units and 
64 MW were installed in 2011 [2]. For small wind 
generation (typically less than 100 kW), a Permanent Magnet 
Synchronous Generator (PMSG) connected to a diode bridge 
is preferred because of its reliability, simple control, high 
efficiency and low cost [3]. 
Without measuring rotor and wind speeds, two different 
methods for MPPT are usual with this configuration. The 
first one is the perturbation and observation technique [4]-
[6]. The problem with this strategy is that larger power 
variations are often caused by wind changes, which can be 
misinterpreted by the MPPT strategy. This can drive the 
system off, resulting in a poor MPPT [7]-[9]. 
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Another sensorless MPPT method makes the system 
operate based on a preobtained curve. Normally, the 
optimum curve P*(ω) is used [10]-[13]. The problem of this 
optimum curve is that a shaft speed sensor is required. This 
is also the case if the curve Vdc*(ω) is used [14]. 
Some authors have realized that the MPPT can be 
achieved using only the dc variables. For a certain system, 
the control imposes the relationship between two dc 
variables and as a result, the system tracks maximum power 
[15]-[17]. This technique is adequate for small WECS since 
it is very simple to implement. However, the optimum curves 
are complicated to calculate theoretically, especially if losses 
are considered, since the whole WECS is involved. In fact, in 
[15] and [16], experimental tests are carried out to obtain the 
optimum curve. In [17], the authors propose an accurate 
system modeling which makes it possible to perform a fine 
MPPT. However, the system parameters, which are required 
for the optimum curve calculation, are supposed to be 
perfectly known. In real applications, the parameters have 
errors and can be variable with temperature or aging. Thus, 
the MPPT performance will not be as expected and 
maximum power will not be tracked. Some authors have 
made a robustness analysis, trying to solve this problem [18], 
[19]. However, a comprehensive and in-depth study must be 
carried out. 
This paper evaluates the influence of the system 
parameters on the power captured by the MPPT control. 
Using the equations and modeling methodology developed in 
[17], the MPPT efficiency is independently evaluated for the 
different parameters. Then, it is shown how the power is 
significantly reduced for two negative but realistic scenarios 
of parameter variation. Finally, the influence of the 
resistance is also assessed. Although the resistance makes 
change the power curves, it is proved that it can be neglected 
for the optimum curve calculation with no power reduction, 
which makes this calculation much easier. 
II. MODELING OF THE WHOLE SYSTEM 
The WECS analyzed in this work is shown in Fig. 1, 
where vw is the wind speed, ωm is the mechanical speed, Vdc 
is the diode bridge output voltage, IL is the inductor current, 
Cdc represents the capacitor at the diode bridge output, and 
Ldc represents the inductor of the boost converter. The power 
balance of the system at steady-state is as follows. PT is the 
power captured by the wind turbine once the friction losses 
have been deducted. It depends on wind speed vw and 
mechanical speed ωm, that is PT(vw,ωm), and is equal to the 
PMSG electromagnetic power Pem(ωm,Vdc). Neglecting the 
magnetic losses of the machine and the diode losses of the 
bridge, the electromagnetic power Pem(ωm,Vdc) is split into 
the resistive losses caused by the PMSG and the line, 
PR(ωm,Vdc), and the diode bridge output power, P0(ωm,Vdc). 
Finally, P0(ωm,Vdc) is equal to the input power of the boost 
converter, PL(Vdc,IL)=Vdc·IL. 
 
Figure 1.  Global system and power balance 
In this paper, the whole WECS model which was 
developed and experimentally validated in [17] is used to 
calculate the optimum curve ILopt(Vdc). Then, this curve is 
stored and, in operation, the boost converter controls IL in 
such a way that the curve is always imposed. For this 
purpose, dc voltage is measured and inductor current 
reference is obtained from ILopt(Vdc). The same model is also 
employed in order to evaluate the robustness of the control 
against parameter variation. The features of the wind turbine 
and the specifications of the PMSG and the line used 
throughout this paper are compiled in Table I and Table II, 
respectively. 
TABLE I.  FEATURES OF THE WIND TURBINE PLACED IN THE 
CAMPUS OF THE PUBLIC UNIVERSITY OF NAVARRA (PAMPLONA, SPAIN) 
Nominal power 4200 W 
Wind speed for turn on 3.5 m/s 
Wind speed for nominal power 12 m/s 
Optimum power coefficient 0.316 
Optimum tip speed ratio 8.63 
Diameter of the rotor 4 m 
Inertia 5 kg·m2 
Height of the nacelle 23 m 
TABLE II.  SPECIFICATIONS OF THE PMSG AND THE LINE 
Nominal speed 600 rpm 
Line voltage constant 475 V/krpm 
Nominal current 11.6 A 
Number of pole pairs 15 pairs 
Stator equivalent resistance 0.6 Ω 
Stator equivalent inductance 4.9 mH 
Line resistance 0.2 Ω 
Line inductance 0.3 mH 
 
III. OPTIMUM CURVE CALCULATION 
The power captured by a wind turbine PT depends on 
wind and turbine speeds. Curves of PT at a constant wind 
speed (6 m/s, 8 m/s, 10 m/s and 12 m/s) are represented in 
Fig. 2. For each wind speed, there is a certain turbine speed 
which maximizes the captured power. Thus, an optimum 
curve PTopt(ωm) can be obtained, which is usually provided 
by the turbine manufacturer. For instance, for a wind speed 
vwA=10 m/s, the optimum power is PToptA=2429 W and it is 
extracted for a rotor speed ωmA=412 rpm (see Fig. 2 and 
operating point A). On the other hand, electromagnetic 
power Pem depends on turbine speed and dc voltage. It is also 
plotted in Fig. 2 at a constant voltage (150 V, 218 V and 
300 V). Since captured power PT is equal to electromagnetic 
power Pem at steady-state, the system will operate in the 
intersection of both curves, which yields to VdcA=218 V for 
point A. Once ωmA and VdcA are known, the power losses for 
point A can be worked out and P0 can be calculated, 
P0A=2272 W in this case. Finally, IL can be easily obtained as 
ILA= P0A/VdcA=10.42 A. Thus, proceeding similarly for all 
points, optimum curves P0opt(ωm) and its corresponding 
ILopt(Vdc) can be obtained and are shown in Fig. 2 and Fig. 3, 
respectively. 
 
Figure 2.  Wind turbine curves, electromagnetic power curves and optimum 
curves PTopt and P0opt versus ωm 
 
Figure 3.  Optimum curve ILopt versus Vdc 
IV. ROBUSTNESS ANALYSIS 
The MPPT technique previously described will be 
employed in this paper. For the calculation of the optimum 
curve the system parameters are required. These parameters 
include the features of the PMSG and the line (PMSG 
voltage constant k, resistance of the PMSG and the line R, 
and inductance of the PMSG and the line L) and the features 
of the wind turbine optimum curve PTopt(ωm) (Cpopt and λopt). 
If the real system parameters were equal to the 
parameters used for the optimum curve calculation, to be 
called kcalc, Rcalc, Lcalc, (λopt)calc and (Cpopt)calc, the MPPT 
efficiency would be 100% at steady-state. However, in a real 
system, parameters are not usually accurately known and can 
be variable with many factors such as temperature and aging. 
Accordingly, the parameters considered differ from its real 
values and the calculated optimum curve ILcalc(Vdc) is not 
equal to the actual optimum curve ILopt(Vdc). As a result, 
turbine speed is different to optimum speed ωmopt for a 
certain wind speed and the power captured by the turbine is 
lower than the optimum power PTopt. 
Accounting for the characteristics of the different 
elements, the following variation range will be considered 
for the system parameters: 
• Voltage constant of the PMSG k is generally well 
given by the manufacturer but can vary due to 
saturation: ±10% range is considered. 
• Equivalent resistance R and inductance L of the 
PMSG and the line can be imprecisely known and 
change with the temperature: ±30% range. 
• Optimum curve PTopt(ωm) can also be inaccurately 
provided by the manufacturer. ±20% range will be 
considered for λopt and CPopt. 
With the model developed in [17], the power reduction 
can be predicted. In section A, the MPPT efficiency for each 
parameter variation will be independently studied. Then, in 
section B, the two worst scenarios will be described. Finally, 
in section C, the MPPT efficiency for a model with R=0 will 
be analyzed. 
A. Single Parameter Variation 
If the optimum power coefficient given by the 
manufacturer (CPopt)calc is a 20% higher than its real value, 
that is (CPopt)calc=1.2·CPopt, curve ILCp+(Vdc), represented in 
Fig. 5, will be worked as the optimum curve but in reality 
differs from the actual optimum curve ILopt(Vdc). By means of 
the model of [17] and using now the real parameter CPopt, 
ILCp+(Vdc) can be translated to PTCp+(ωm), shown in Fig. 4, 
which is different to the actual optimum curve PTopt(ωm). 
This means that the intersection of the curve PTCp+(ωm) with 
the turbine power curve PT(vw,ωm) will not lead to the 
maximum power for any wind speed. For example, for a 
wind speed vwB=10 m/s, PTB=2411 W, whereas the maximum 
power is PTA=2429 W, which yields to a MPPT efficiency 
ηB=99.26% (see point B in the figures). The MPPT 
efficiency at steady-state ηCp+(vw) is shown in Fig. 6 for 
every wind speed. Now, if the optimum power coefficient 
given by the manufacturer (CPopt)calc is a 20% lower than its 
real value, that is (CPopt)calc=CPopt/1.2, the power is also 
reduced. The power curve PTCp-(ωm), inductor current curve 
ILCp-(Vdc) and the efficiency curve ηCp+(vw) are shown in 
Fig. 4, 5 and 6, respectively. It can be observed that CPopt 
variation effect is low since the MPPT efficiency is higher 
than 99.2% for the whole operating range. 
The same analysis has been independently carried out for 
all the parameters. For the optimum tip speed ratio λopt, the 
corresponding power curves PTλ+(ωm) and PTλ-(ωm), inductor 
current curves ILλ+(Vdc) and ILλ-(Vdc) and efficiency curves 
ηλ+(vw) and ηλ-(vw), are represented in Fig. 4, 5 and 9, 
respectively. 
With regard to the electrical parameters, the power 
curves PTk+(ωm), PTk-(ωm), PTL+(ωm), PTL-(ωm), PTR+(ωm) and 
PTR-(ωm) are depicted in Fig. 7 and the inductor current 
curves ILk+(Vdc), ILk-(Vdc), ILL+(Vdc), ILL-(Vdc), ILR+(Vdc) and ILR-
(Vdc) are depicted in Fig. 8. The MPPT efficiency curves 
ηk+(vw) and ηk-(vw) are represented in Fig. 9 and ηL+(vw),      
ηL-(vw), ηR+(vw) and ηR-(vw) are shown in Fig. 6. 
From the MPPT efficiency at steady-state for all the 
parameters (see Fig. 6 and 9), it can be observed that λopt is 
the most influential, followed by k, CP, L and finally R. The 
effect of CP, L and R is not important for the considered 
range, the parameter k starts to be significant and the effect 
of parameter λopt is important. Since more energy is captured 
at high wind speeds, it must be noted that these operating 
points are more significant. 
B. Worst scenarios 
It was shown for Cpopt (see Fig. 4), that when 
(Cpopt)calc>Cpopt, the system operates at a speed lower that the 
optimum speed. On the contrary, when (Cpopt)calc<Cpopt, the 
system operates at higher speed. After evaluating the effect 
of each parameter variation, the two worst scenarios can be 
analyzed. The first one, denoted by ωmax, consists of a 
combination of parameter variation in such a way that all 
parameters contribute towards an operating point with a 
speed higher than the real optimum speed. Accounting for 
the considered variation range and the effect of each 
parameter, the worst scenario ωmax is found for: kcalc= 1.1·k, 
Rcalc= R/1.3, Lcalc= L/1.3, (λopt)calc= 1.2·λopt and 
(Cpopt)calc= Cpopt/1.2. In this case, the calculated optimum 
curve is ILωmax(Vdc), shown in Fig. 11, which leads to a 
captured power PTωmax(ωm), represented in Fig. 10. The 
MPPT efficiency ηωmax(vw) is significantly reduced, as it can 
be observed in Fig. 12. Point D, also shown in the figures, 
corresponds to the real operating point for vwD=10 m/s. On 
the other hand, the worst scenario ωmin is found for: 
kcalc= k/1.1, Rcalc= 1.3·R, Lcalc= 1.3·L, (λopt)calc= λopt/1.2 and 
(Cpopt)calc= 1.2·Cpopt. The calculated optimum curve 
ILωmin(Vdc) is plotted in Fig. 11 and the captured power 
PTωmin(ωm) is depicted in Fig. 10. The MPPT efficiency 
ηωmin(vw), shown in Fig. 12, is drastically reduced. Point C, 
also represented in the figures, corresponds to the real 
operating point for vwC=10 m/s. 
In addition, maximum values must be taken into account. 
For the worst situation ωmax, rotor speed ωm and output 
voltage Vdc can exceed the nominal values. In our example, 
for nominal wind speed vw=12 m/s, rotor speed becomes 
664 rpm and output voltage becomes 368 V while optimum  
 
Figure 4.  Wind turbine curves, electromagnetic power curves and calculated 
optimum power curves PTλ and PTCP versus ωm 
 
Figure 5.  Calculated optimum current curves ILλ and ILCP versus Vdc 
 
Figure 6.  MPPT efficiency at steady-state ηR, ηR=0, ηL and ηCP versus vw 
 
Figure 7.  Wind turbine curves, electromagnetic power curves and calculated 
optimum power curves PTk, PTL and PTR versus ωm 
 
Figure 8.  Calculated optimum current curves ILk, ILL and ILR versus Vdc 
 
Figure 9.  MPPT efficiency at steady-state ηλ and ηk versus vw 
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 Figure 10.  Wind turbine curves, electromagnetic power curves and 
calculated optimum power curves Pωmin, Pωmax and PR=0 versus ωm 
 
Figure 11.  Calculated optimum current curves ILωmin, ILωmax and ILR=0 
versus Vdc 
 
Figure 12.  MPPT efficiency at steady-state ηωmin and ηωmax versus vw 
values are 495 rpm and 240 V. For the worst situation ωmin, it 
is inductor current IL that can exceed nominal current. This is 
not the case in this example, but attention must be paid. 
Furthermore, the system operates with low voltages and high 
currents, which reduces the overall efficiency. 
C. Lossless Approach 
It has been shown (see Fig. 6), that the resistance’s effect 
is very small. More precisely, the power reduction for the 
variation range considered is lower than 0.1%. 
For this reason, the same robustness analysis has been 
carried out neglecting the losses, that is for Rcalc=0. The 
corresponding power curve PTR=0(ωm), inductor current curve 
ILR=0(Vdc) and efficiency curve ηR=0(vw) are represented in 
Fig. 10, 11 and 6, respectively. Point E, pointed out in the 
figures, corresponds to the real operating point for 
vwE=10 m/s. 
From the MPPT efficiency ηR=0(vw), it can be observed 
that the effect of considering R=0 is very small. In fact, the 
MPPT efficiency is higher than 99.7% for every operating 
point. As a result, the resistance can be neglected for the 
optimum curve calculation, which strongly simplifies the 
modeling. It is worth mentioning that the variation of other 
parameters will reduce the captured power in a very similar 
manner to the precedent analysis. The modeling of the 
subsystem PMSG with diode bridge with R=0 is developed 
in the next section following the methodology of [17]. 
V. MODELING OF THE PMSG WITH DIODE BRIDGE FOR 
THE LOSSLESS APPROACH 
A. System Description 
The equivalent circuit of a PMSG connected to a diode 
bridge at steady-state operation is shown in Fig. 13, where R 
and L include the resistance and inductance of the PMSG, 
the line, and the possible transformer; ea, eb and ec are the 
induced electromotive forces; ia, ib and ic are the phase 
currents; idc is the diode bridge output current; and Vdc is the 
diode bridge output voltage. Since the losses are neglected, R 
is taken as 0 for the subsequent analysis. 
 
Figure 13.  Equivalent circuit of a PMSG connected to a diode bridge at 
steady-state (R is neglected) 
The electrical system, represented by Fig. 13, is related to 
the mechanical system by: 
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 )sin(2 θEea =  (1) 
 )3/2sin(2 πθ −= Eeb  (2) 
 )3/2sin(2 πθ += Eec  (3) 
 ω⋅= kE  (4) 
 t⋅= ωθ  (5) 
 mp ωω ⋅=  (6) 
where E is the RMS value of the induced electromotive 
force, θ is the electrical angle, k is the PMSG voltage 
constant, ω is the electrical speed, p is the number of pole 
pairs, and ωm is the mechanical speed. 
Operating at steady-state and given that the Cdc capacitor 
and the system inertia are high enough to neglect the ripple, 
the voltage Vdc and the speeds ω and ωm can be considered as 
constant. Depending on the value of ωm and Vdc, the phase 
current will be either continuous or discontinuous, resulting 
in different expressions for powers. Since the system is 
balanced, only phase A is henceforth studied. 
B. Continuous Conduction Mode (CCM) 
For high voltage E or low voltage Vdc the current is 
continuous (the exact relationship for the boundary will be 
obtained in section V.D). Thus, each diode conducts for π 
radians: D1 while the current of phase A is positive and D4 
while it is negative. Fig. 14 shows voltages ea and vAN, 
currents ia, ib, ic and idc and the lag angle φ between ea and ia. 
According to the commutations, six intervals (I1-I6) are 
defined in a period. 
 
Figure 14.  Waves for continuous conduction mode (CCM) 
The current ia can be obtained from the following 
differential equation: 
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Then, thanks to the condition ia(θ=π)=0 (see Fig. 14) and 
(10), the angle φ can be calculated: 
 
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
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E
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9
2cos 1 πϕ  (11) 
On account of expressions (8)-(11), ia is now defined at 
any time as a function of the shaft speed ωm and the 
capacitor voltage Vdc at steady-state operation. 
Since the losses are neglected for the modeling, the 
PMSG electromagnetic power Pem is equal to the power at 
the diode bridge output P0. In order to work this power out, it 
must be observed that the current ia coincides with the output 
current idc in interval 2, where D1 is conducting and D2 and 
D3 are switched off (see Fig. 14). The ripple of idc has a 6ω 
angular frequency. Thus, the output power P0 is given by: 
 θθ
π
π
π diVIVP adcdcdc ∫⋅⋅=⋅= 3
2
3
0 )(
3  (12) 
where Idc is the average value of idc. 
Using (12) and the expression for the current ia (9), an 
expression for the diode bridge output power P0(ωm,Vdc) in 
CCM is obtained as a function of the shaft speed ωm and the 
capacitor voltage Vdc: 
 2220 41623
sin23 dcdcdc VEL
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πω
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C. Discontinuous Conduction Mode (DCM) 
For low voltage E or high voltage Vdc the current is 
discontinuous (the exact relationship for the boundary will be 
obtained in section V.D). There is a retard angle α for each 
diode during which the current is zero in one of the phases. 
Because of the discontinuous conduction, and contrary to the 
three intervals defined in CCM, six intervals (I1-I6) are 
identified in a semi-period. The evolution of vAN and the six 
intervals are shown in Fig. 15. The voltage ea and currents ia, 
ib, ic and idc are also illustrated. Although three cases of DCM 
can be distinguished [20], only the case which is closer to the 
CCM is analyzed for the purposes of this paper. 
The current ia in DCM can also be obtained from (7) but 
taking into account that vAN in DCM is different to vAN in 
CCM (compare Fig. 14 and Fig. 15): 
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Figure 15.  Waves for discontinuous conduction mode (DCM) 
Then, thanks to the conditions ea(θ=α)=Vdc/3 and 
ia(θ=π)=0, the angles φ and α can be calculated. Defining 
β=α+φ, the first condition yields to: 
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From the second condition, (19) and (20): 
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The Newton-Raphson method is used to determine φ 
from (21) and (20) is used to determine α. Hence, on account 
of (14)-(21), the expressions of phase current ia is defined at 
any time as a function of the shaft speed ωm and the 
capacitor voltage Vdc at steady-state operation. 
Making use of (12), the output power P0 can be obtained. 
Considering the expression for the current ia, an expression 
for the diode bridge output power P0(ωm,Vdc) in DCM is 
obtained as a function of the speed ωm and the voltage Vdc: 
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D. Boundary between Modes of Conduction 
The expressions for the power P0(ωm,Vdc) have been 
obtained for CCM and DCM. Now, in order to choose the 
corresponding expression, the mode of conduction must be 
known. For this purpose, an expression for the boundary 
between modes of conduction is obtained below. 
As the angle φ in Fig. 14 gets smaller, the voltage ea at 
θ=0 decreases. The value of ea below which the diode D1 
does not start conducting at θ=0 represents the beginning of 
the discontinuous conduction mode. This value is given by: 
 3/sin2)0( dca VEe === ϕθ  (23) 
With (23) and (11), a relationship between Vdc and E can 
be determined for the boundary between CCM and DCM: 
 EVdc
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2 +
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π
 (24) 
The boundary between the DCM and the non-conduction 
mode (NCM) is defined by the following well-known 
relationship: 
 EVdc 6=  (25) 
VI. SIMULATION RESULTS 
The global system of Fig. 1, features shown in Table I 
and Table II, has been modeled using the software PSIM. 
The boost converter is replaced by a voltage controlled 
current source where the current is obtained according to the 
calculated optimum curve ILcalc(Vdc). A real wind profile is 
applied to four different calculated curves previously 
described: ILopt(Vdc), ILωmax(Vdc), ILωmin(Vdc) and ILR=0(Vdc). For 
the calculation of ILopt(Vdc) and ILR=0(Vdc), all the parameters 
are perfectly known (apart from R, which is considered as 0 
for ILR=0(Vdc)), whilst for the calculation of ILωmax(Vdc) and 
ILωmin(Vdc), realistic errors are considered for the parameter 
estimation. The results are shown in Fig. 16 for the wind 
speed (m/s), the different rotor speeds (rpm) and captured 
powers (W). The variables ωmopt_dyn and PTopt_dyn represent the 
actual optimum point, which could only be followed if there 
was no inertia. It can be observed how rotor speeds ωmopt, 
and ωmR=0 follow optimum speed ωmopt_dyn with a small delay 
whereas rotor speeds ωmωmax and ωmωmin are always over and 
below optimum speed, respectively. As a result, captured 
power PTopt and PTR=0 are very similar to optimum power 
PTopt_dyn while PTωmax and PTωmin are below optimum power. 
More precisely, from the 45.95 Wh which could have been 
obtained from second 10 to 120, a 99.15% was captured with 
ILopt(Vdc) curve, a 99.04% with ILR=0(Vdc) curve, a 79.96% 
with ILωmax(Vdc) curve, and a 58.08% with ILωmin(Vdc) curve. 
These results confirm the predicted analysis: the resistance 
can be neglected for the optimum curve calculation and the 
performance of the MPPT can be drastically reduced due to 
errors in the parameters. 
The MPPT efficiencies for the curves ILopt(Vdc) and 
ILR=0(Vdc) are similar and very high, which confirms that the 
resistance can be neglected for the modeling. However, low 
MPPT efficiencies are obtained for the curves ILωmax(Vdc) and 
ILωmin(Vdc). This means that, for the conventional curve-based 
MPPT method, an additional control should be added to 
compensate for the errors in case that accuracy in the 
parameters cannot be guaranteed.   
 
Figure 16.  Simulation results 
 
VII. CONCLUSION 
Using an accurate model, a robustness analysis of the 
conventional curve-based MPPT for a small WECS based on 
PMSG with diode bridge has been carried out. By means of 
two realistic scenarios of parameter variation, it is shown 
how the captured power can be significantly reduced. Thus, 
an additional control to compensate for the estimation errors 
is necessary in case that accuracy in the parameters cannot be 
guaranteed. On the other hand, it is proved that the resistance 
has no influence on the MPPT efficiency and can then be 
neglected, which leads to a much simpler model. The power 
curves for the PMSG with diode bridge with R=0 have thus 
been provided. Simulation results for an actual wind profile 
corroborate the theoretical analysis for all scenarios. 
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